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On October 15, 1992, the huriL.untal geodetic reference system used for 
all aeronautical charts and chart-related products published by National 
Oceanic and Atmospheric Administration (NOAA)/National Ocean 
Service (r\105) changed from the North American Datum of 1927 (NAO 
27) to the 'Jorth Ameri can Datum of 1983 (NAO 83). The Global Posi-
tioning Sys tem (GPS) now allows satellites to define much more 
accurately geographic locations in terms of latitude and longitude, 
utilizing an earth ce ntered reference sys te m; th e NAO 83 is based on 
thi s new technology. As a result, the latitude and longitude of almost 
all points in the National Airs pace System (NAS) were revised. The 
greates t coordinate s hifts were in Hawaii and Alaska where latitude 
moved by as much as 1200 feet and longitude by up to 950 feet. In the 
conterminous U.S., the larges t changes were approximately 165 feet in 
latitude and 3.JS feet in longitude. The impact to aeronautical naviga-
tion in the L .S. of the datum s hift from NAO 27 to NAO 83 was not 
limited to aeronautica l charts and related publications. All Flight 
Manageme nt Systems (FMSs) and Air Traffic Control Systems (ATCs) 
had to be modified to accept and utilize the NAO 83 coordinates. The 
impact of the impleme ntation of '\TAD 83 on aeronautical navigation in 
the United States was s ignificant. 
0 n Odliber IS, 1992, the horl/ontal geodetic rdercnce system used for ,1ll ,1ernnautical chMb and t ha rt rela ted product-.. published by 
'\ation,11 Ckeanil and \tmosplwnc Adm inistration ('\01\A)/l\ational 
Ocean Sen ice (\JOSl d1,111ged trom the North American Da tu m of 1927 
(\,AD 27) lo the '\Jorth Americ,1 11 Datum o~ 1983 (!\AD H~). This change 
\\as mand,1ted b\· the (ongres" of the Lmted State-,. The latitmk and 
longitude of ,111110 ... t all points in the Na t10nal Airspc1Ce Sy-,tem ('\ AS) \\'l'rL' 
rL·vised (SL'e Figure 1). The greates t coord ina te shifts were in H awa ii and 
\J,,.., j._,1 \\here J,1 l itudt' nHl\'t'd b\' ,1s much ,1s 1200 iect ,1nd longitud e by u p 
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to 950 feet. In the conterminous United States, the largest changes were 
,1pproxima tely 165 fct.>t in l,1titude and 3-t5 feet in longitude (See Figure 2 
& Figure 3). 
\\'h~· is NAO 83 going to be the officiill datum? What were the problems 
with NAO 27? \.\'hat m,1ke':i thi'i new datum, !\AO 83, prcferablL' to use? 
These are good questions that \\.·ere often asked because !\AD 27 had 
been utilized for many years. 
There arc some fundamental reasons why the geodetic reference 
system for the United States required reconsideration. Increased ,iccu-
racy requirements by the su rveyi ng rnmmunity, the introduct ion of 
impn1\'ed and highly accurate 
electronic measuring systems, and 
'i~ \\ l-15 v. 7~ \\ 1,:; '' the ad\'ent of satellite systems such 
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.jl) .... clS Doppler and the Global [Josi-
tioning System (CPS) were all 
.j.j \, 
1.j \, 
factors which contributed to the 
identification of weaJ...ness in :\AD 
27. Discrepancies between existing 
h'i \\ 
control systems and newly e'\-
ecuted surveys utili/ing impro\'ed 
technology dictated the establish-
ment of an entirely new datum 
rather than a revision or rep,1 ir of 
!\AD 27. The :'\!AD 27 control 
network was never completely 
adjusted and, as it grew, unprL'-
dictable errors and distortions 
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were crea ted (Schwar/ et al. 1989). 
In summary, the use of NAD 27 
became unacceptable (Dewhurst 
1990) because of 1) an outmoded 
and obsolete mathematical 
representation of the Earth, i.e. the 
,1 and b axis were in error, 2) 
inconsistencies arising from partial 
adjustments of data on a regional 
basis, 3) limitations due to out-
dated survev instrumentation 
(Vogel 1986), and -l) use of a 
surface reference point in Ka nsas, 
Meades Ranch (\1R), for the lower 
-t8 -,tates, Canada, and Alaska in 
the de,·elopment of :\AD 27 led to 
smcill errors in the ,·icinity of 
\1eades Ranch but very large 
errors at greater distances away 
from the \1R sta tion. These factors 
led to inconsistencies thilt needed 
to be removed in order to provide 
an clCCUrate and Consisten t datum 
reference system from coast to 
coast a nd between the na tions 
w ithin the l\orth American 
Continent. 
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:\,\D 'n \\',b a .... ignit1L,rnt imprm·cmcnt tn·er '\.AD 27(\\ade19811) for 
Sl'\'Cral n_,,1..,l1ns. The C.L'odetic Referl'ncc System of 1980 (GRS 80) was 
iKLl'ptL'd a .... thl' refcren~l' syo.,tL'm for \.,\D 83 and the ellipsoid of GRS 80 
\\'cb cidoptl'd tor use 111 defining, AD h.1 bee Figure.+). \ cirious observa-
tio11" U'>ing Doppler s,1tdlitP W'>lems had shown that this ellipsoid better 
delml'd thl' correct rdl'rl'nce ellipsoid than did the Clark.e Spheroid of 
1806 \\'hich 0-Ji\D 27 utilized. I he GRS 80 earth model WCI'> recommended 
by the lnlcrnationcil A..,..,ociation of Geodesy (TAC) and accepted by the 
\Jat1nnal CemfrtJC Sun e\· (l\.C.Sl of the united States <Sch\\'ar7 ct cil. 1989). 
Bccciusc l\ii\D 81 utiliZL'" a geocentric origin, it is compatible with satellite 
s:-.tems such ,1.., the Global Po .... itioning System (Burgess 1991) C1nd the 
militciry World Ccodl'11c System (vVCS 8-l). 
DATUM IMPROVEV1Et\TS 
'\.AO 81 doc'> ,n,-.1\ \\'ith thL' 
problems c.1uscd by geodetic 
ob..,en-.1tions made bv l1utdated 
sun·e\ instrumentation. Astro-
nomic ob:--crv.1ttom, at more than 
5.000 .... tations, Doppler position.., 
at O\ er 600 o.,t,1twns, ,1nd JOO\ cry 
Long Linc lntcrferoml'lry Ba.;L'line 
mea .... uremcnt.... 1 using .1d\'anced 
GEODET IC REFERE~CE SYSTEM OF 1980 
(GRS 80) 
• Geocentric (Center of gcoid Mass) 
• Ellipsoid Parameters (GRS 80) 
teL hnolo•~\ led to \'en hwh IL'\ L'l b. . 0 
accuracie.., in thl' '\AD 27 to Ni\D 
a= 6,178,137 meters (exactly) 
b = 6,356,7'i2.31.+1 meters 
1/f = 298.257222101 (12 digits) 
83 Cldju..,tmcnh. Doppler test.... 
shm,· \,,\D tn tt1 be in agreement 
\\'ith Doppk•r obo.,en·ations; \Jorth-
South residu,11 .... ha\'l' an R:vtS 
Note: OnL<. '\AD-1>"\ 1, 1mpk•m\•nted . .ill ,,1ft\\·,1re roultnl'" u-,mg th<? '\JAD-:!7 rcfen•ncl' 
'Phl'fl'td Clarl--e f-tltp,oid ol IM'6 (1\'11l'rc' ,1~b,171-1.~tlti.4 ml'ter' .rnd b ti,:-1;6,'i"\h.l'i 
\'clluc of .'i91 ml'tcrs and East-
\\ e-,t rc..,idual compoiwnts h,n l' 
an RV1S \·aluc of .7H meters (Schwarz et al. J989). 
I urthermorL', the inconsistL'ncics caused by partial adju..,tmento., on a 
regional ba-,i.., \\ere climmated by utiluing a Helmert blocking strategy to 
adjust the whole !'\AD 83 geodl'lic network as a single system rather than 
a .... crie.., of regional net\\ork ..,olutions h<H'ing no interconnection or 
interrelation. Thus, i\t\D 83 i.., a \'ast improvement over \!AD 27 in terms 
of accu racy .1nd comp.1tibility with modern satellite technology for 
na\·1g,1tion (Sk.orupa l lJYO) and geodetic position determination. 
Tlw implementation impact ot NAO 83 for acron,1utical n,1\'igation was 
greater than L'\.pccted due to the users it affects. Lsers of geodetic data 
can be grouped into three categories: primary U'>l'r'-- geodesists C1nd land 
suneyors who utili/e ,1nd de\·clop coordinc1te information directly; 
secondary user-,- those who L'mploy the data produced by primary users 
in ..,ome manner '>Ucha .... mapping, charting and digital representations of 
the earths .... urface; and tertiary users- those who use the work of second-
ary user'i in order to g,1in knowledge and insights. A pilot or na,·igator 
would be an l'\.,1mple of a terti,1ry user. Typical!:, knowledge of -,urvey-
ing and geodetic datums decrL'clses \'l'ith each category of user. In fact, a 
tcrti.iry u<;cr 111,1\ ha\'l' absolutl'ly no concept of geodesy. Howe\·er, it is 
critlltll for .... uch a terti.irv user, i.e. a pilot-na\·igator, to recognize a datum 
,\ ni.11,•r ~n,1l c1l thl' \'er~ I <>ll~ Linc• lnkrferonwtn B.i.,eltnl' llll',burl'nwnh is to rl'duce thl' 
ltnu• rt,unty in inl<'r<.'1>1ltinl'11t.1l baseltnl'' to tht.> l<'nl1meter k•\ ,., Tht> nll'.l~urenll'nl' are 
ba•<·d <'11 'l'ltt1r 'lT•uat101h bd1n'l'n tlw antenn,h <lt two \\'tdl'ly ~epar,1ll'd radio tl'll'~copl'' 
to pnidun• ,111 111t,•rk•ren<"l' p.1ttern. 
T'v1PLEMEl'\T ATIO!\ 1\11.PACT OF 
NAO 83 T\J LNTTEDSTATES 
AIRSPACE 
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COORDI'\ \TE CO'\\ ERSIO'\ 
\ \J'\OLr\JCHIE:\TS OF 
l\11'! Fl\11 '\ T \TIO'\ OF '\AD 81 
I'\ L'\III Dc..T\TE5'.\ATIO'\ir\L 
\IRSPACE SYSTE\I 
incon .... isll'ncv ,rnd be abk to obtain and use coordinates in either datum 
with nmiid L'nce and little problem. The tcrtia ry users of coo rd i na te da t,1 
far l1utnumber primary and SL'condan· users. Since the l\AC, o f tlw Lnited 
St,1ll's is utili/L'd, controlled. ,111d dL'scribed b\· .... uch tcrtwry Usl'rs of 
gL'lldl'tic d.1t.1- pilot:-, air traffic controller..,, na\ igtllor..,, and ,11..>ron,1utica l 
d,1t,1 speciali~ts, the implementation of '\AD S3 in the '\1\S h,1..., had a great 
imp.Kt ,rnd required carctul planning. 
In llrder to pl,1n and implcnwnt the com·ersion from \JAD 27 to !\AD 
~.1 rn tlw '\at1unal A11·...,paCl' Svstcm, ,1 committee\\ as formed. The '\!OS, 
Tlw l\ation's Aeronautical Chclrtm,1kcr," thL' h\A and the Nation,1 1 
C.L·odl'l1L Sun·c\' ('\GSJ h,1d reprcsL'nt,1ti\'L's on the committee. Atfrr a 
n•\ it'\\" ot the com·ersilll1 problem, the committee, chai red bv Ronald M. 
Bultnn { '\105), id entified thL' following imp,1cls (Bolton and l iom er 1986) 
tn the rL'gulators, I-AA, and users of the '\JAS: 
• Ch,irts and Publications- all h,1rd copy (both charts and publications) 
h,1d Ill bL• rl'\"is1.'d in all ,1r1.•a..; that list or depict lat!lude and longitude. 
• Digital D.1ta- all d1g1t,1I d,1ta tiles with latitude and longitude fields had 
to bt• Clll1\"L'rtt•d to'\ AD Kt This included air traffic control file...,, Flight 
'.\l,rnagL'111L'nt S: stem.., (,1irbl1rne / ground b,1...,ed), and charting d,1tab,1...,es. 
• 11.lrd ctipy files- all documents cont,1ining latitude and longitude 
entrit's had Lo bl' markL•d to indic,11l' th,1L Lhe; were referenced to NJ\D 27 
or !\AD 8.1 (FAA and NOS identified owr 1,000,000 such files or docu-
nwnts Lh,1t must be propcrlv labeled). 
• Chclrt C.raticule Shifts- most d1art gr,1ticules were not affected because 
llt thL' slight position change (usually Jess than .00'.) inches). I f(l\\L'\l'f, lS{) 
llt ~(1{) airport di,1grams had their graticules shifted due to their l.irge 
sea ks . 
·r o .1Ln imp Ii sh the coo rd mate con\ ersion, a program, '\iorth .\merican 
Dat,1 CO'\ n•r..;ion ('\..\DCO!\ ), \\as dL'\'eloped by\'\ arren De" hurst of 
thl' \JCS. ThL' author ren1gnued th,1t ,1 m,1jont\ of users of coordinatl' 
d,1 ta \\'l 1u Id mit be getKie.._,i.._,t..., ,111d, therefore, de\'eloped a user friL'nd I y 
svslL'm that \\,1s \·crv accurall' (. l c; to .5 mclL'rs) (Dewhurst IlJlJO). The 
'\C.S and l·AA distributed l\iJ\DCOl\ lo all FAA activities ,1nd !\AS users 
upon rt'l]LIL'st. The COll\'ersion committee helped expedite the distribution 
,111d utili/ation of l\ADCO!\. 
The Ottobl'r I::;, 1992 implementation of NAO 83 111 the '\IA 5 w,1s an-
nouncL'd in '-e\'Cral \\'a\·s so as to reach the ma,imum number of inter-
ested parties. 
• Tlw FL•(kr,1 I Register carried a notice. 
• Tht' ,\1rcr,1ft 0\\ ner::. and Pilots A'-NKiation s Magazine carried a notice. 
• F1\A sent flyers to all regions C1nd centers that announced the change, 
.... olicited question...,, cind requested recipients to return their "l\ADCO!\" 
soitwan• requirements to FAA HQ. 
• '\JOAA/l\ational Ocean Scr\'icc "L'nt out a notice to all chart s,1les 
agents and all ... ub .... cribcr..., to aeronautical charts and publications. 
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The'\ \D \i impknwnt,1tllln \\ork o f thl' I· \A and tlw l'\OAA; \iOS 
\eron,H1ti..:,1I Chart Branch (,\CB) bl'gan in the -,umm L'r nf 1991 and 
wnt111ued until Od1lber I=:;, 1992. I he F:\:\ and NOS .\eron;1ut ica l Chart 
Brandi publi-.hed rL'\'l:;,t>d coordin,1te-, for L'\'er::. coordm,1te ptl-.it ion u-,l'd 
in tlw \J:\S. Thi-, 1•tlnrt 1nn1lved thL' prot1•ssing 11f bi ll ion<; of character-, in 
the '\OC.. \( B ,1nd FA..\ dat,1 b,1-,L'"· Datum mitt•-. han· been added to all 
papL'r tile..,, 1 h.irts and chart rl'1,1tl'd produds; th1-, effort required tlw 
rL'ViL'\\' nf milli1m" of n1rnputer and pi!per file n•tords 
Tlw L·L1m L·r-,inn trom '\,,\I) 27 t11 '\AD \i \\'l'nt -.mti1lthly co11"1denng 
the ... wpe ,1nd compk,it\' of the t,1-.k. A ll I AA f.icili tic-. wen' rc,1dv for the 
d1arn~L O\'l'I" \II rL'\ '"Wlb to tharh, chart relotl'd producto.;, ,rnd acnlnau-
tical public,1lllllb produCL'd to ::.upport s,1 fL' fligh t in the NAS were com-
pleted . 
The'\ \D "' impknwntation in the "\JAS allmwd na,·ig,1toro;; and pilots to 
u-.e tlw tc1p.1bilitil'-, 11f the C.lob,11 Po..,1tio111ng Sv-.IL'm (\\ dkm-. 1992) ,rnd 
I Pran C' to their iull pntl'nti,11. Plll•rto RiL·o, H,1\\'aii, & Ala-.ka \\·ere 
propnl~ tied gendl'liLcllh 111 the "I ower .i:-;· (Contcnrnnllus L.S.l and 
l ,111,itl,1. Tlw u"e 1lf '\ ·\D :-.. 1 '"' thl' ~AS rl'icrcncl' datum abll allowed 
1n tern,1tion,1 I .iir c,1rr1t•f<, tll ll"L' \\(;<.., fi.J ,,.., thev l'ntered the LS "\JAS 
\\'ithout ch,rnl.iing d,1tum rdl'rc1KL'" -.\'stem ... , for the L'\pccted differencL' 
bet\\ l'L'n thL datum-, j.., -.m,111 Jcs-, than ,1 meter. 
Tlw long tl'rm imp,ict of thl' con\crsion trom "\JAD 27 to NAD 81 will 
be ,.L'n benl'liual l'L'(clU'>l' I l '\ A.0 S1 will allm' CPS -,atl'lhtl'-, tll be 
propl'rlv utili/cd tor n,wigatHm in thl' U.S. ~.A.S, 2) T lw contl' rm ino u ::. U.S. 
\\'Ill bl' ~eodl'lic,111: til'd uirrL•ctly t1l .\.la ... J..a. H,n, aii, Puerto Rit·o and 
Crn.ld,1. 3) [\iinh 111 thL' contL•rminou-, L.S. will be dcHncd mmL' ilCCU-
ratch ,rnd con..,istently, and -0 Thl' L.5. I\ \S rL'tt•renCL' datum, \JAD S1, 
\\'ill bL· C\1Ib1-.tent and 01mp,1t1ble \\'ith tlw \\'GC., :-...t. 
In summary. the 1mpil'mL'nt,1tiLlll of '\AD S1 in tlw '\,\C, impron•d aero-
n,n1ti1\1I n,1\ 1g,1tion 111 the United <..,t,1tec.,. rhe m,b<;i\'l' d citum com·er'>inn 
dtort \\ hich \\'as d1rl'dl'd b\ FA.A .lnd "\Jl),\A wi ll ha\ l' cl c.,ignificant long-
lt•rm bL•ndit1,1l 1mp,1d nn thc ,n·iat1on community. 
( 1..n111 < t'l (1ng I~ \th~ ... · \.,n·i~11lh1n1 i ... ,1 ... ,· ... tl'rn c ... 1n1pt, .... ed pf ~rnu1h.l·b,1..,t·d tr,1n ... 1n1ttl'r.., 
t .. 1lh .. ·d t l1llin ... ' 1lnd ,11rl'\' Ill 1 ·r ,,- h"rbnrnl'l rt'C~i\ t·r ... that 1..h.'n\·t.-' tilt' l''\\l(t pl1.., itH1n. d1 ... t,111l'-' 
.l nd bt•ttnn;i.:. lt1 t1 d1..1 .... l111,lt1on dnd lh1.· '.t.!,rtllllh.I ..,pc·ed. 
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El 15 de octubre dl' 1992 l' I o.,i<;tema horizontal de referencia geodctica, usado 
para todos los dingr,1111,1.., ,1eromiticos y publicndo por In Administraci6n 
\Jacional Ocecinic,1 v Atmosfcric,1 {;\OAA) y por el Servicio Nncional de 
Oceanos (\JQS) fuenin C<1mbiados de! Datum norteanwricano de 1927 (t\ AD 
27) al D,1tum norlL',1menc,1110 de 1983 ('\AD 83). Fl Sio.,tema de Posici6n 
Global (G PS) permite que Jo<; o.,,1tt.'litie" ddinan Jao., posiciones geograficas de 
manera m,is preci..,c1, l'll termino" de I,1titud y longitud, u tili/ando un s istema 
de referencia centrali/,1do. Fl AD 83 C'>ta bao.,ado en e<;t,1 nuC\'a tecnologfa. 
Como reo.,tiltado, c,1"1 toda'> lao., l,1titudes y longitudes en el Sio.;tema acional 
Aeroe..,p,1oal ( A 'il iueron rL•\·isada<.;. Loo., m,1yorl''> c,1mbio'> de coordenadas 
se produjeron en J l ,l\\'tll \ Ala'>ka donde la latitud se mm·16 1.200 pies y la 
longitud hao.,la 9::;0 pit.•<.;. Fn el fl''>IO de los r .... tados Unido-. 105 cambios 
mayoreo., fuernn d1.• apro,imad,1mente I 6='i pie'> en latitud y 3-l.3 pies en 
longitud. El impacto para la na\'egcicic'm aeroniiutica en Jos Estados Unidos 
de! cambio dl' NAO 27 ,1 AD 83 no fue limitado a diagramas cieronaticos. 
T odos los .,i.,tem,1s de n1elo ( F\t1Ssl v Sistema.., Lil> Control de TrMico Aereo 
(A TC<i) tienen qm• °'l'r modificados para aceptar y utilizar lao., coordenadas 
'\AD b3. La implementacion del l\AD83 en la n,wegacit'm aeronautica en los 
Estado'> Unidos eo., de m.1yor significancia. 
